Fundamental mode Rayleigh waves recorded by the Transportable Array component
Introduction
The EarthScope/USArray Transportable Array (TA) is providing a wealth of new seismic data to image Earth's interior beneath the continental US. Surface wave tomography is proving particularly useful in imaging Earth's crust and upper mantle on both regional and global scales. Because surface waves propagate in a region directly beneath Earth's surface, they typically generate better path coverage of the upper regions of Earth than body waves.
Several pervious surface wave analyses have been performed using teleseismic events to constrain mantle structures [e.g., Tanimoto and Sheldrake, 2002; Yang and Forsyth, 2006a] and ambient noise [Sabra et al., 2005; Shapiro et al., 2005 ] to constrain crustal structures in southern California. Due to the limitation of station coverage, these earlier surface wave studies concentrated in southern California where station coverage was most dense. With the emergence and growth of the TA, however, Moschetti et al. [2007] and Lin et al. [2007] have applied ambient noise surface wave tomography to the continuous data from the TA between October 2004 and January 2007 across much of the western US. Empirical Green's functions for surface waves were retrieved by cross-correlating long noise records between every station-pair in the network. These studies produced high-resolution surface wave dispersion maps at periods from 8 to 40 s with a resolution of 50-100 km. The resulting dispersion maps for Rayleigh and Love waves and group and phase speeds correlate well with the dominant geological features of the western United States.
Surface waves at periods from 8 to 40 s are predominantly sensitive to crustal structures, although above 20 s period they possess growing sensitivity to crustal thickness and the uppermost mantle. To constrain upper mantle structures and to help alleviate the trade-off between crustal thickness and uppermost mantle velocities, therefore, requires longer period measurements than those produced in the studies of Moschetti et al. [2007] and Lin et al. [2007] . Such measurements arise from ambient noise tomography on a continental scale [e.g, Bensen et al., 2007] and from teleseismic array methods on a regional scale [e.g., Yang and Forsyth, 2006a] . In this study, we adopt the latter approach and apply a "two-plane wave" method to teleseismic events to generate phase velocity dispersion maps for fundamental mode Rayleigh waves at periods from 25 to 100 sec across the western US. The same two-plane wave tomography method was applied previously to USArray data in southern California [Yang and Forsyth, 2006a] prior to the installation of the TA, but we now extend the study region to the western US, including California, Nevada, Washington, Oregon and the western part of Idaho and compare the resulting maps with those obtained from ambient noise tomography in the period band of overlap.
Data and method
We use fundamental mode Rayleigh waves recorded at USArray TA stations in converted to the frequency domain to obtain amplitude and phase measurements. Details of the data processing procedure are described in Yang and Forsyth [2006a,b] .
We adopt the surface wave tomography method developed by Yang and Forsyth [2006b] , which interprets the variation of amplitude and phase of teleseismic surface waves in terms of phase velocity variations within the array and, at the same time, models the incoming teleseismic wavefield using the sum of two plane waves, each with initially unknown amplitude, initial phase, and propagation direction. In the context of the TA, this "two-plane-wave" approach is important, particularly for wavefields emanated from western Pacific events which undergo refraction at the continent -ocean interface. Finite frequency effects [e.g., Dahlen et al., 2000; Zhao et al., 2000; Zhou et al., 2004] are also important in regional teleseismic surface wave tomography because the goal is to resolve structures with scales on the order of a wavelength. Yang and Forsyth [2006b] showed that the use of the 2-D sensitivity kernels based on the Born approximation with the two-plane-wave method provides significant improvement in the resolution of regional-scale structures over that obtained by representing the sensitivity kernels with a Gaussian-shaped influence zone [e.g.,, Sieminski, et al., 2004; Forsyth and Li, 2005] .
For each of the two plane-waves, 2-D sensitivity kernels are used to represent the sensitivity of both phase and amplitude of the surface waves to phase velocity perturbations.
Because the size of the region of study is near the limit of the two-plane-wave assumption in either Cartesian or spherical coordinates, we partition the western US into three sub-regions with a two degree overlap in latitude, i. Figure 1 , but without the overlap. The two-plane-wave tomography is performed separately in each of these three sub-regions using a 0.5 o ×0.5 o grid and the resulting phase velocity maps are composed together and averaged in the area of overlap.
Results and Discussion
The results of two-plane-wave phase velocity tomography (TPWT) are plotted
in Figure 3 these discrepancies is the same as that reported by Yao et al. [2006] for Tibet; that is, TPWT yields somewhat faster velocities than ANT. The discrepancies we estimate, however, are much smaller than the ~3% discrepancies they report and display the opposite trend with period. It should be noted that the methods of tomography we use are also quite different between ANT (based on ray theory with Gaussian shaped sensitivity kernels) and TPWT (based on finite-frequency sensitivity kernels). With these caveats in mind, we regard the similarity between the maps across the western US as being quite high.
At the short period end of this study (25, 33 
